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N32G452xB/xC/xE Datasheet

N32G452 series based on 32-bit ARM Cortex-M4F kernel, run up to 144MHz, support floating-point unit
and DSP instructions, up to 512KB embedded flash, 144KB SRAM, 2x12bit 5Msps ADC, 2x1Msps 12bit
DAC. Integrates multi-channel U(S)ART, 12C, SPI, QSPI, USB, CAN communication interfaces, and 1x
SDIO interface and built-in cryptographic algorithm hardware acceleration engine.

Key features
® CPU core

32-bit ARM Cortex-M4 +FPU, one-cycle hardware multiply and divide instructions, DSP instruction and
MPU support

Built-in 8KB instruction Cache, which support Flash acceleration unit to execute program 0 wait

Run up to 144MHz, 180DMIPS

® Encrypted memory

Up to 512K Bytes of embedded Flash memory, supporting encrypted storage, multi-user partition
management and data protection, hardware ECC check, 100,000 cycling and 10 years data retention
144K Bytes of SRAM (including 16K Byte Retention RAM), Retention RAM supporting hardware parity
check

® Clock

HSE: 4MHz~32MHz External high-speed crystal

LSE: 32.768KHz External low-speed crystal

HSI: Internal high-speed RC OSC 8MHz

LSI: internal low-speed RC OSC 40KHz

Built-in high speed PLL

MCO: Support 1-way clock output, configurable SYSCLK, HSE, HSI or PLL clock output that can be
divided

® Reset

Support power-on/power-off/brown-out/external pin reset

Support watchdog reset, software reset

® Communication interface

Up to 7x U(S)ART interfaces up to 4.5 Mbps, including 3x USART interfaces (supporting ISO7816, IrDA,
LIN), and 4x UART interfaces

3x SPI interfaces up to 36 MHz, two of which support 12S

1x QSPI interface up to 144 Mbps

4x 12C interfaces up to 1 MHz, which can be configured in master/slave mode and support dual address
response in slave mode

1x USB2.0 Full Speed Device interface

2x CAN 2.0A/B bus interfaces

1x SDIO interface supporting SD/MMC format

® High-performance analog interface
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— 2x 12-bit 5Msps high-speed ADC, configurable for various precisions, 6bit mode up to 9Msps sampling
rate, up to18 external single-ended input channels, supporting differential mode.
—  2x 12-bit DAC with sampling rate of 1Msps
— External input independent reference voltage source
— All analog interfaces support 1.8~3.6V full voltage operation.
Up to 97 GPIOs supporting multiplexing function are supported, and most GP1Os support 5V tolerant
2x high-speed DMA controllers, each controller supports eight channels, and channel source address
and destination address can be configured arbitrarily
® 1x RTC real-time clock, supporting leap year perpetual calendar, alarm events, periodic wake-up, and
internal and external clock calibration.
® Timer counter
— 2x 16-bit advanced timer counters, support input capture, complementary output, orthogonal encoding
input, maximum control accuracy 6.9ns. Each timer has four independent channels, three of which supports
3 channels and 6 complementary PWM output.
— 4x 16-bit general-purpose timer counters, each timer has 4 independent channels, support input
capture/output comparison/PWM output/one-pulse output.
— 2x 16-bit basic timing counters
— 1x 24bit SysTick
— 1x 7bit Window Watchdog (WWDG)
— 1x 12bit Independent Watchdog (IWDG)
® Programming mode
— Support SWD/JTAG online debugging interface
— Support UART, USB Bootloader
® Safety features
— Built-in cryptographic algorithm hardware acceleration engine
— AES, DES, SHA, SM1, SM3, SM4, SM7 and MD5 algorithms are supported.
— Flash storage encryption
— Multi-user partition management (MMU)
— TRNG true random number generator
— CRC16/32
— Support write protection (WRP) and multiple read protection (RDP) levels (LO/L1/L2)
— Support secure startup, encrypted download of programs, and secure update.
— Support external clock failure detection, tamper detection.
® 96-bit UID and 128-bit UCID
® \Working conditions
— Voltage range: 1.8V~3.6V
— Working temperature range: -40C ~105C

2/86

Nations Technologies Inc.

Tel: +86-755-86309900

Email : info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:« www.nationstech.com

— ESD: #4KV (HBM model), #1KV(CDM model)
® Encapsulation

— LQFP48(7mm x 7mm)

— LQFP64(10mm x 10mm)

— LQFP80(12mm x 12mm)

— LQFP100(24mm x 14mm)

— LQFP128(14mm x 14mm)
® Ordered information

Series Part Number

N32G452xB N32G452CBL7, N32G452RBL7, N32G452MBL7, N32G452VBL7

N32G452xC N32G452CCL7, N32G452RCL7, N32G452MCL7, N32G452VCL7, N32G452QCL7

N32G452xE N32G452CEL7, N32G452REL7, N32G452MEL7, N32G452VEL7, N32G452QEL7
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1 Product introduction

N32G452 family of microcontrollers features a high-performance 32-bit ARM Cortex™-M4F core, integrate floating
point operation unit (FPU) and Digital Signal Processing (DSP), and support parallel computing instructions.
Maximum operating frequency is 144MHz, integrated up to 512KB encrypted storage Flash and supports multi-user
partition management, maximum 144KB of embedded SRAM. Built-in one internal high-speed AHB bus, two low-
speed peripheral clock buses APB and bus matrix, supporting up to 97 general I/O. Provide abundant high-
performance analog interfaces, including 2x 12-bit 5Msps ADC, up to 18 external input channels, 2x 1Msps 12-bit
DAC. It provide a variety of digital communication interfaces, Including 7x U(S)ART, 4x 12C, 3x SPI, 2x 12S, 1x
QSPI, 1x USB 2.0 device, 2x CAN 2.0B, 1x SDIO communication interface. Built-in cryptographic algorithm
hardware acceleration engine, supports hardware acceleration of a variety of international and national cryptographic
algorithms.

N32G452 series products can work stably in the temperature range of -40<C to +105<C, supply voltage from 1.8V to
3.6V, provides a variety of power modes for users to choose from, meeting the requirements of low-power
applications. This series of products is available in six different packaging forms from 48 pins to 128 pins. Depending
on the package form, the peripheral configuration in the device varies. Figure 1-1 the block diagram of this series of
products is given.

Figure 1-1 Block diagram of N32G452 series
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1.1 Part number Information

Figure 1-2 N32G452 Series Part Number Information

N 3264352 CBL/Y

Company abbreviation Temperature Range
N = Nations Technology 7:-40 ~ +105<C
MCU Bit Width
= 32bi Fackage Type
32 = 32bit Package T
L=LQFP
Types of Product T=TQFP
G = General purpose .
Memory Size

B = 128KB Flash

C =256KB Flash
MCU Core E =512KB Flash

4 = ARM Cortex-M4F

Product Series
x2 = Basic C = 48Pins
R =64 Pins
M =80 Pins
V =100 Pins
Q =128 Pins
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1.2 List of devices

Table 1-1 N32G452 Series Resource Configuration

Part number N32G452CB/C/E N32G452RB/C/E N32G452MB/C/E N32G452VB/C/E | N32G452QC/E
Flash (KB) 128 | 256 | 512 | 128 | 256 | 512 128 | 256 | 512 128 256 | 512 256 512
SRAM (KB) 80 144 | 144 80 144 | 144 80 144 | 144 80 144 | 144 144 144
CPU frequency ARM Cortex-M4F @144MHz,180DMIPS
Operating Voltage 5 A1 (150
& temperature 1.8~3.6V/-40~105°C
General 4
&
£ Advanced 2
= )
Basic 2
SPI 3@
12S 2
< QSPI Only Single Wire 1
g % 12C 3 4
5 "g USART 3
EE
g = UART 3 4
© USB 1
CAN 2
SDIO No 1
GPIO 37 51 65 80 97
DMA 2
Number of
Channels 16Channel
12bit ADC 2 2 2 2 2
Number of 10Channel 16Channel 16Channel 16Channel 18Channel
channels
12bit DAC 2
Number of 2Channel
channels
Algorithm support DES/3DES. AES. SHAI1/SHA224/SHA256. SM1. SM3. SM4. SM7. MD5. CRC16/CRC32.
TRNG
Security protection Read-write protection (RDP/WRP), Storage encryption, Partition protection, Secure startup
Package LQFP48 LQFP64 LQFP80 LQFP100 LQFP128

1. SPI2 and SPI3 interfaces can flexibly switch between SPI mode and 12S audio mode.
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2 Function introduction

2.1 Processor core

N32G452 family integrates the latest generation of embedded ARM Cortex™-M4F processor, enhanced computing
power based on the Cortex™-M3 core, new floating point processing unit (FPU), DSP and parallel computing
instructions, providing excellent performance of 1.25DMIPS/MHz. Its efficient signal processing capabilities are
combined with the advantages of low power consumption, low cost, and ease of use of the Cortex-M family of
processors to meet the requirements of a mixture of control and signal processing capabilities and easy to use
applications.

ARM Cortex™-M4F 32-bit compact instruction set processor provides excellent code efficiency.

Note: Cortex™-M4F is backward compatible with Cortex-M3 code.

2.2 Storage

N32G452 series devices include embedded encrypted Flash memory and embedded SRAM. Figure 2-1 is a
memory map.

11/86

Nations Technologies Inc.

Tel: +86-755-86309900

Email: info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



NQtion »:“ www.nationstech.com

Figure 2-1 Memory map

Reserved 0x4002_5000 - OXSFFF_FFFF

MMU 0x4002_4C00 - 0x4002_4FFF

Reserved 0x4002_4800 - 0x4002_4BFF

SAC SRAM 512B*2 0x4002_4400 - 0x4002_47FF

SAC 0x4002_4000 - 0x4002_43FF

Reserved 0x4002_3400 - 0x4002_3FFF

CRC 0x4002_3000 - 0x4002_33FF

Reserved 0x4002_2400 - 0x4002_2FFF

FLASH 0x4002_2000 - 0x4002_23FF

Reserved 0x4002_1C00 - 0x4002_1FFF

Reserved 0x4002_1800 - 0x4002_1BFF

Reserved 0x4002_1400 - 0x4002_17FF

RCC 0x4002_1000 - 0x4002_13FF

ADC2 0x4002_0C00 - 0x4002_OFFF

0XE010_0000 - OXFFFF_FFFF Reserved | ADC1 0x4002_0800 - 0x4002_OBFF

% DMA2 0x4002_0400 - 0x4002_O7FF

< DMAL 0x4002_0000 - 0x4002_03FF

Vendor Specific 511MB Reserved 0x4001_8400 - 0x4001_FFFF

OXEOOF_F000 - OXEOOF_FFFF ROM Table SDIo 0x4001_8000 - 0x4001_83FF
OXE004_2000 - OXEOOF_EFFF External PPB.

0XE004_1000 - OXE004_1FFF Reserved

0XE004_0000 - OXE004_OFFF TPIU Private Peripheral - External 768KB Reserved 0x4001_5800 - 0x4001_7FFF

UART7 0x4001_5400 - 0x4001_S7FF

] ) UART6 0x4001_5000 - 0x4001_53FF

OXE000_FO00 - OXE003_FFFF Reserved Private Peripheral - Internal 256K Reserved 0x4001_4C00 - 0x4001_4FFF

0XE000_E000 - OXE000_EFFF NVIC 12C4 0x4001_4800 - 0x4001_4BFF

0XE000_3000 - OXEO00_DFFF Reserved 12C3 0x4001_4400 - 0x4001_47FF

0XE000_2000 - OXE000_2FFF FPB Reserved 0x4001_3C00 - 0x4001_43FF

0XE000_1000 - OXE000_1FFF DWT USARTL 0x4001_3800 - 0x4001_3BFF

0XE000_0000 - OXE000_OFFF IT™ TIM8 0x4001_3400 - 0x4001_37FF

SPIL 0x4001_3000 - 0x4001_33FF

. TIML 0x4001_2C00 - 0x4001_2FFF

Extended register 1GB Reserved 0x4001_2400 - 0x4001_2BFF

0xA000_2000 - OXxDFFF_FFFF| Reserved o~ GPIOG 0x4001_2000 - 0x4001_23FF

0xA000_1000 - OxA000_1FFF QSPI Register m GPIOF 0x4001_1C00 - 0x4001_1FFF

0xA000_0000 - 0xA000_OFFF Reserved o GPIOE 0x4001_1800 - 0x4001_1BFF

< GPIOD 0x4001_1400 - 0x4001_17FF

GPIOC 0x4001_1000 - 0x4001_13FF

0x9000_0000 - OX9FFF_FFFF [ QSPI Bank [ GPIOB 0x4001_0C00 - 0x4001_OFFF

0x6000_0000 - OX8FFF_FFFF | Reserved | GPIOA 0x4001_0800 - 0x4001_OBFF

EXTI 0x4001_0400 - 0x4001_O7FF

AFIO 0x4001_0000 - 0x4001_03FF

Extended Device 1GB Reserved 0x4000_7800 - 0x4000_FFFF

0x4400_0000 - OX5FFF_FFFF Reserved DAC 0x4000_7400 - 0x4000_77FF

0x4254_0000 - OX43FF_FFFF Reserved(bit-band Alias) PWR 0x4000_7000 - 0x4000_73FF

0x4200_0000 - 0x4253_FFFF Peripheral Alias(bit-band Alias) BKP 0x4000_6C00 - 0x4000_6FFF

0x4010_0000 - Ox41FF_FFFF Reserved CAN2 0x4000_6800 - 0x4000_6BFF

0x4002_A000 - Ox400F_FFFF Reserved(bit-band Region) CANL 0x4000_6400 - 0x4000_67FF

0x4000_0000 - 0x4002_OFFF AHB/APB1/APB2(bit-band Region) USB/CAN1 SRAM 5128 0x4000_6000 - 0x4000_63FF

USB Register 0x4000_5C00 - 0x4000_5FFF

12C2 0x4000_5800 - 0x4000_5BFF

0x2400_0000 - OX3FFF_FFFF Reserved 12C1 0x4000_5400 - 0x4000_57FF

0x2248_0000 - 0x23FF_FFFF Reserved(bit-band Alias) UARTS 0x4000_5000 - 0x4000_53FF

0x2200_0000 - 0x2247_FFFF SRAM Alias(bit-band Alias) Peripheral 0.5GB UART4 0x4000_4C00 - 0x4000_4FFF

0x2010_0000 - O0x21FF_FFFF Reserved — USART3 0x4000_4800 - 0x4000_4BFF

0x2002_4000 - 0x200F_FFFF Reserved(bit-band Region) oM USART2 0x4000_4400 - 0x4000_47FF

0x2002_0000 - 0x2002_3FFF SRAM/Retention SRAM o Reserved 0x4000_4000 - 0x4000_43FF

0x2000_0000 - 0x2001_FFFF (bit-band Region) < SPI3/12S3 0x4000_3C00 - 0x4000_3FFF

SPI2/1252 0x4000_3800 - 0x4000_3BFF

Reserved 0x4000_3400 - 0x4000_37FF

OX1FFF_F812 - OX1FFF_FFFF Reserved SRAM 0.5GB IWDG 0x4000_3000 - 0x4000_33FF

OX1FFF_F800 - OXIFFF_F811 OptionBytes WWDG 0x4000_2C00 - 0x4000_2FFF

OXIFFF_4000 - OXIFFF_F7FF Reserved RTC 0x4000_2800 - 0x4000_2BFF

Ox1FFF_0000 - Ox1FFF_3FFF SystemMemory Reserved 0x4000_2400 - 0x4000_27FF

0x1002_0000 - OXLFFE_FFFF Reserved Reserved 0x4000_2000 - 0x4000_23FF

0x1000_0000 - 0x1001_FFFF Aliased to SRAM Reserved 0x4000_1C00 - 0x4000_IFFF

0x0808_0000 - OXOFFF_FFFF Reserved Reserved 0x4000_1800 - 0x4000_1BFF

0x0800_0000 - 0x0807_FFFF Main FLASH CODE 0.5GB TIM? 0x4000_1400 - 0x4000_17FF

0x0008_0000 - OXO7FF_FFFF Reserved TIM6 0x4000_1000 - 0x4000_13FF

0x0000_0000 - 0x0007_FFFF | Aliased to Flash YISRAM TIM5 0x4000_0C00 - 0x4000_OFFF

TIM4 0x4000_0800 - 0x4000_O0BFF

TIM3 0x4000_0400 - 0x4000_O7FF

TIM2 0x4000_0000 - 0x4000_03FF

2.2.1 Embedded flash memory

Integrated from 128K to 512K bytes embedded encryption FLASH (FLASH), used to store programs and data, page
size of 2Kbyte, supporting page erasing, word writing, word reading, half word reading, byte reading operations.

Support storage encryption protection, write automatic encryption, read automatic decryption (including program
execution operation).

Support user partition management, can be divided into a maximum of two user partitions, different users cannot
access each other's data (only executable code).

2.2.2 Embedded SRAM

Up to 144K bytes of built-in SRAM and R-SRAM are integrated on-chip, of which R-SRAM is Retention SRAM
with a size of 16K bytes. R-SRAM supports Retention, which can retain data in VBAT and Standby modes (can be
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configured to retain or not retain); other working modes (RUN/SLEEP/STOPO/STOP?2) data can be retained by
default; PWR is required to control and manage its Retention.

2.2.3 Nested vector interrupt controller (NVIC)

Built-in nested vector interrupt controller, capable of handling up to 86 maskable interrupt channels (not including
the 16 Cortex™-MA4F interrupts) and 16 priorities.

B Tightly coupled NVIC enables low latency interrupt response processing
Interrupt vector entry address directly into the kernel

Tightly coupled NVIC interface

Allows early handling of interrupts

Handles late arriving higher-priority interrupts

Support interrupt tail link function

Automatically saves processor state
Automatically resumes when the interrupt returns with no additional instruction overhead

This module provides flexible interrupt management with minimal interrupt latency.

2.3 External interrupt/event controller (EXTI)

The external interrupt/event controller contains 21 edge detectors for generating interrupt/event requests. Each
interrupt line can be independently configured for its trigger event (rising or falling or both edges) and can be
individually masked. There is a pending register that maintains the status of all interrupt requests. EXTI can detect
that the pulse width is less than the clock period of the internal APB2. Up to 97 general purpose 1/O ports are
connected to 16 external interrupt lines.

2.4 Clock system

The device provides a variety of clocks for users to choose from, including internal high-speed RC oscillator
HSI(8MHz), internal low-speed clock LSI(40KHz), external high-speed clock HSE(4MHz~32MHz), external low-
speed clock LSE (32.768 KHz) and PLL.

During reset, the internal HSI clock is set as the default CPU clock, and then the user can choose the external HSE
clock with failure monitoring function. When an external clock failure is detected, it will be isolated, the system will
automatically switch to HSI, and if interrupts are enabled, the software can receive the corresponding interrupt. Also,
complete interrupt management of the PLL clock can be adopted when needed (such as when an indirectly used
external oscillator fails).

Multiple prescaler are used to configure the AHB frequency, high-speed APB(APB2) and low-speed APB(APBL1)
areas. AHB has a maximum frequency of 144 MHz, APB2 has a maximum frequency of 72 MHz and APB1 has a
maximum frequency of 36MHz. Refer to Figure 2-2 Clock tree diagram.
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Figure 2-2 Clock tree
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be 48MHz, 72MHz, 96MHz or 144MHz.

2.5 Boot mode

At BOOT time, the BOOT mode after reset can be selected with the BOOTO/1 pin.
B BOOT from program FLASH Memory.
B BOOT from System Memory
B BOOT from internal SRAM

When HSI is used as the input of the PLL clock, the highest system clock frequency can only reach 128MHz.
When using the USB function, HSE and PLL must be used at the same time, and the frequency of the CPU must

The Bootloader is stored in the system memory, and can program the flash memory through USART1 and USB

interface.

2.6 Power supply scheme

B Vpp=1.8~3.6V, Vpp pin supplies power to the 1/0 pin and internal voltage regulator.

B Vssa, Vopoa= 1.8~3.6V, provides power supply for ADC, DAC. Vppa and Vssa must be connected to Vpp and
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Vss respectively.

B Vgar = 1.8~3.6V: When Vpp is turned off, it supplies power to RTC, external 32KHz oscillator and backup
register.

For more information on how to connect the power supply pins, see Figure 4-3 Power supply scheme.

2.7 Reset

The power-on reset (POR) and power-down reset (PDR) circuits are integrated inside. This part of the circuit is
always in working state to ensure that the system works when the power supply exceeds 1.8V; when Vpp is lower
than the set threshold (Veorpor) , place the device in reset without using an external reset circuit.

2.8 Programmable voltage detector

The device has a built-in programmable voltage detector (PVD), which monitors the power supply of Vppo/Vppaand
compares it with the threshold Vpyp. When Vpp is lower or higher than the threshold Veyp, an interrupt will be
generated. The interrupt handler can send a warning message, and the PVD function needs to be started through the
program. See Table 4-6 for values of Vporror and Vpyp.

2.9 Voltage regulator

Voltage regulator operating modes as follow:

B MCU runin RUN, SLEEP modes: Main voltage regulator(MR) operates in normal mode

B MCU run in STOPO modes: Main voltage regulator(MR) operates in normal mode or low power mode

®  MCU run in STOP2, STANDBY mode: Main voltage regulator(MR) shut down and backup domain voltage
regulator(BKR) turn on

After the chip is reset, the main voltage regulator(MR) operates in normal mode by default.

2.10 Low power mode
N32G452 series products support five low power consumption modes.
B SLEEP mode

In SLEEP mode, only the CPU stops and all peripherals are active and can wake up the CPU when an interrupt/event
occurs.

B STOPO mode

STOPO mode is based on the Cortex-M4F deep sleep mode, which can achieve lower power consumption without
losing the contents of the SRAM and registers. In STOPO mode, most of the clocks of the main power domain are
turned off, such as PLL, HSI, HSE, and the main voltage regulator is put into normal mode or low power mode.

Wake-up: The chip can be woken up from STOPO mode by any signal configured as EXTI. The EXTI signal can be
16 external EXTI signals (1/0O related), PVD output, RTC wake-up, RTC alarm clock, or USB wake-up signal.

B STOP2 mode

STOP2 mode is based on Cortex-M4F deep sleep mode, all core digital logic areas are powered off. The main voltage
regulator is turned off and the HSE/HSI/PLL is turned off. CPU registers are maintained, LSE/LSI can be configured
to work, all GP10s are maintained, and peripheral I/O multiplexing functions are not maintained. 16K bytes R-SRAM
is kept, other SRAM and register data will be lost. 84 bytes of backup register retention.

Wake-up: The chip can be woken up from STOP2 mode by any signal configured as EXTI. The EXTI signal can be
16 external EXTI signals (1/0 related), PVD output, RTC periodic wake-up, RTC alarm clock, RTC invasion, NRST
reset, IWDG reset.

B STANDBY mode

In STANDBY mode, the current consumption is low. Internal voltage regulator is turned off, PLL, HSI RC oscillator
and HSE crystal oscillator are also turned off; after entering STANDBY mode, the content of the register will be lost,
but the content of the backup register is still retained, R-SRAM can be maintained, Standby circuit still works.
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An external reset signal on NRST, IWDG reset, a rising edge on the WKUP pin, RTC wake-up, or RTC's alarm can
wake the microcontroller from STANDBY mode.

B VBAT mode

At any time, whenever VDD is powered down, it will automatically enter VBAT mode. In VBAT mode, except
NRST, PAO-WKUP, PC13_TAMPER, PC14, PC15, most I/O pins are in high impedance state.

Note: RTC, IWDG and corresponding clock will not be stopped when entering STANDBY mode.
2.11 Direct memory access (DMA)

The device integrates 2 flexible general-purpose DMA controllers, each DMA controller supports 8 channels, and
can manage memory-to-memory, peripheral-to-memory, and memory-to-peripheral data transfers; 2 DMA
controllers support ring buffer management, which avoids the interruption of the controller transfer when it reaches
the end of the buffer.

Each channel has dedicated hardware DMA request logic, and each channel can be triggered by software at the same
time. The length of the transfer, the source address and the destination address of the transfer can be individually set
by software for each channel.

DMA can be used for major peripherals: SPI, I°C, USART, advanced/generic/basic timers TIMx, DAC, I°S, SDIO,
ADC, QSPI.

2.12 Real time clock (RTC)

RTC is a set of continuously running counters with built-in calendar clock module, which can provide perpetual
calendar function, as well as alarm clock interrupt and periodic interrupt (minimum 2 clock cycles) functions. RTC
can be powered by Vpp or Vear pin. When Vpp is valid, select Vpp to supply power. Otherwise, it is powered by
VBAT pin, which is automatically selected and switched by hardware. The RTC will not be reset by system or power
reset sources, nor will it be reset when waking up from STANDBY mode.

The driving clock of RTC can be selected as 32.768KHz external crystal oscillator, internal low-power 40KHz RC
oscillator, or any clock source divided by 128 for high-speed external clock. For application scenarios that require
very high timing accuracy, it is recommended to use an external 32.768KHz clock as the clock source. At the same
time, to compensate for the clock deviation of natural crystals, the RTC clock can be calibrated by outputting a 256Hz
signal. The RTC has a 22-bit prescaler for the time base clock, by default when the clock is 32.768kHz it will produce
a 1 second long time base. In addition, RTC can be used to trigger wake-up from low-power states.

2.13 Timer and watchdog

Up to 2 advanced control timers, 4 general-purpose timers and 2 basic timers, as well as 2 watchdog timers and 1
system tick timer.

The following Table compares the functions of advanced control timer, general-purpose timer and basic timer:

Table 2-1 Timer function comparison

Counter Generate Capture/compare Complementar
Timer - Counter type Prescaler factor DMA P P P y
resolution channels output
request
Any integer
TIM1 . Up, Down,
16 bits between 1 and Y 4 Y
TIMS Up/Down 65536
TIM2 :
Any integer
TIM3 16 bits Up, Down, between 1 and Y 4 N
TIM4 Up/Down 65536
TIM5
Any integer
Emg 16 bits Up between 1 and Y 0 N
65536

2.13.1 Basic timer (TIM6 and TIM7)

Basic timers TIM6 and TIM7 each contain a 16-bit auto-reload counter. These two timers are independent of each
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other and do not share any resources. The basic timer can provide a time reference for general purpose timers, and in
particular can provide a clock for a digital-to-analog converter (DAC). The basic timer is directly connected to the
DAC inside the chip and drives the DAC directly through the trigger output.

The main functions of the basic timer are as follows:
B 16-bit auto-reload accumulating counter

B 16-bit programmable prescaler (the frequency division factor can be configured as any value between 1 and
65536)

B Trigger DAC synchronization circuit

B Generate interrupt/DMA request on update event

2.13.2 General-purpose timer (TIMXx)

4 general timers (TIM2, TIM3, TIM4 and TIM5) are mainly used in the following occasions: counting input signals,
measuring the pulse width of input signals and generating output waveforms.

The main functions of the universal timer include:
B 16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting)

B 16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

TIM2, TIM3, TIM4 and TIM5 up to 4 channels.

Channel’s working modes: PWM output, ouput compare, one-pulse mode output, input capture.
The events that generate the interrupt/DMA are as follows:

€ Update event

€ Trigger event

€ Input capture

€ Output compare

Timer can be controlled by external signal

Timers can be linked together internally for timer synchronization or chaining

Incremental (quadrature) encoder interface: used for tracking motion and resolving rotation direction and
position

B Hall sensor interface: used to do three-phase motor control

B Supports capture of internal comparator output signal

2.13.3 Advanced control timer (TIM1 and TIMS8)

The advanced control timers (TIM1 and TIM8) is mainly used in the following occasions: counting the input signal,
measuring the pulse width of the input signal and generating the output waveform, etc.

Advanced timers have complementary output function with dead-time insertion and break function. Suitable for
motor control.

The main functions of the advanced timer include:
B 16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting)

B 16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

Programmable Repetition Counter
TIM1 up to 4 channels, TIM8 up to 4 channels

4 capture/compare channels, the working modes are PWM output, ouput compare, one-pulse mode output, input
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capture.

B TIM1 and TIMS8 up to 4 capture/compare channels: PWM output, Output compare, One-pulse mode output,
Input capture

B The events that generate the interrupt/DMA are as follows:
Update event
Trigger event
Input capture

Output compare

L K K N B 2

Break input
B Complementary outputs with adjustable dead-time.
€ For TIM1 and TIM8, channel 1,2,3 support this feature.
Timer can be controlled by external signal
Timers can be linked together internally for timer synchronization or chaining

Incremental (quadrature) encoder interface: used for tracking motion and resolving rotation direction and
position;

B Hall sensor interface: used to do three-phase motor control;

2.13.4 SysTick timer (Systick)

This timer is dedicated to the real-time operating system and can also be used as a standard down counter.
It has the following characteristics:

B 24-bit down counter

B Automatic reload function

B A maskable system interrupt is generated when the counter is 0

B Programmable clock source

2.13.5 Watchdog (WDG)

Support for two watchdog independent watchdog (IWDG) and window watchdog (WWDG). Two watchdogs provide
increased security, time accuracy, and flexibility in use.

Independent Watchdog (IWDG)

The independent watchdog is based on a 12-bit decrepit counter and an 3-bit prescaler. It is driven by a separate low-
speed RC oscillator that remains active even if the master clock fails and operates in STOP and STANDBY modes.
Once activated, if the dog is not fed (clears the watchdog counter) within the set time, the IWDG generates a reset
when the counter counts to 0x000. It can be used to reset the entire system in the event of an application problem, or
as a free timer to provide time-out management for applications. The option byte can be configured to start the
watchdog software or hardware. Reset and low power wake up are available.

Window Watchdog (WWDG)

A window watchdog is usually used to detect software failures caused by an application deviating from the normal
running sequence due to external interference or unforeseen logical conditions. Unless the decline counter value is
flushed before the T6 bit becomes zero, the watchdog circuit generates an MCU reset when the preset time period is
reached. If the 7-bit decrement counter value (in the control register) is flushed before the decrement counter reaches
the window register value, then an MCU reset will also occur. This indicates that the decrement counter needs to be
refreshed in a finite time window.

Main features:
B WWDG is driven by the clock obtained by dividing APB1 clock
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Programmable free-running decrement counter

Conditional reset:

www.nationstech.com

€ When the decrement counter is less than 0x40, a reset is generated (if the watchdog is started)

€ A reset occurs when the decrement counter is reloaded outside the window (if the watchdog is started)

€ If the watchdog is enabled and interrupts are allowed, an early wake up interrupt (EWINT) occurs when
the decrement counter equals 0x40, which can be used to reload the counter to avoid WWDG reset

2.14 12C bus interface

The device integrates up to 4 independent 12C bus interfaces, which provide multi-host function and control all 12C
bus-specific timing, protocol, arbitration and timeout. Supports multiple communication rate modes (up to 1IMHz),
supports DMA operations and is compatible with SMBus 2.0. The 12C module provides multiple functions, including
CRC generation and verification, System Management Bus(SMBus), and Power Management Bus(PMBUS).

Multi-master function: this module can be used as master device or slave device;

12C master device function:

€ Generate a clock;

€ Generate start and stop signals;
12C slave device function:

€ Programmable address detection;

€ 12C interface supports 7-bit or 10-bit addressing and dual-slave address response capability in 7-bit slave

mode.
€ Stop bit detection;

Generate and detect 7-bit / 10-bit addresses and broadcast calls;

Support different communication speeds;

€ Standard speed (up to 100 kHz);

€ Fast (up to 400 kHz);

¢ Fast + (up to 1IMH2z);

Status flags:

€ Transmitter/receiver mode flag;

€ Byte transfer complete flag;

€ 12C bus busy flag;

Error flags:

€ Arbitration is missing in Master mode

€ Acknowledge (ACK) error after address/data transfer;
€ Error start or stop condition detected

€ Overrun or underrun when clock extending is disable;
Two interrupt vectors:

€ 1interrupt for address/data communication success;
€ 1interrupt for an error;

Optional extend clock function
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DMA of single-byte buffers;

Generation or verification of configurable PEC(Packet error detection)
In transmit mode, the PEC value can be transmitted as the last byte
PEC error check for the last received byte

SMBus 2.0 compatible

Timeout delay for 25ms clock low

10 ms accumulates low clock extension time of master device

25 ms accumulates low clock extension time of slave device

PEC generation/verification of hardware with ACK control

L K K 2N I 2

Support address resolution protocol (ARP)
PMBus compatible

2.15 Universal synchronous/asynchronous transceiver (USART)

N32G452 series products integrate up to 7 serial transceiver interfaces, including 3 universal synchronous/
asynchronous transceivers (USART1/USART2/USART3) and 4 universal asynchronous transceivers (UART4/
UART5/UART6/UARTT). These 7 interfaces provide asynchronous communication, support for IrDA SIR ENDEC
transmission codec, multi-processor communication mode, single-line half-duplex communication mode, and LIN
master/slave function.

The communication rate of USART1/UART6/UARTY interface can reach 4.5Mbit/sec, and the communication rate
of other interfaces can reach 2.25Mbit/sec.

The USART1 and USART?2 interfaces have hardware CTS and RTS signal management, ISO7816-compatible smart
card mode, and SPI-like communication mode, all of which can use DMA operations.

The main features of USART are as follows:

Full duplex, asynchronous communication

NRZ standard format

Fractional baud rate generator system, baud rate programmable, used for sending and receiving, up to 4.5 Mbits/s
Programmable data word length (8 or 9 bits)

Configurable stop bit, supporting 1 or 2 stop bits

LIN master's ability to send synchronous interrupters and LIN slave's ability to detect interrupters. When
USART hardware is configured as LIN, it generates 13 bit interrupters and detects 10/11 bit interrupters

Output sending clock for synchronous transmission

IRDA SIR encoder decoder, supports 3/16 bit duration in normal mode

Smart card simulation function

€ The smart card interface supports the asynchronous smart card protocol defined in 1SO7816-3
€ 0.5and 1.5 stop bits for smart cards

Single-wire half duplex communication

Configurable multi-buffer communication using DMA, receiving/sending bytes in SRAM using centralized
DMA buffer

Independent transmitter and receiver enable bits
Test flag
€ Receive buffer is full
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€ Send buffer empty

€ End of transmission flag
B Parity control

€ Send parity bit

@ Verify the received data
B Four error detection flags

€ Overflow error

€ Noise error

€ Frame error

@ Parity error

B 10 USART interrupt sources with flags

€ CTS change
LIN disconnect detection

Send complete

Overflow error

Frame error

Noise error

L R R R R IR K K R 4

Parity the error

Send data register is empty

Received data register is full

Bus was detected to be idle

www.nationstech.com

Multi-processor communication, if the address does not match, then enter the silent mode;

Wake up from silent mode (via idle bus detection or address flag detection)

Mode configuration:

USART modes USART1 USART2 USART3 UART4 UART5 UART6 UART7?
Asynchronous mode Y Y Y Y Y Y Y
Hardware flow control Y Y Y N N N N
Multi-cache communication (DMA) Y Y Y Y Y Y Y
Multiprocessor communication Y Y Y Y Y Y Y
Synchronize Y Y Y N N N N
Smart card Y Y Y N N N N
Half duplex (single line mode) Y Y Y Y Y Y Y
IrDA Y Y Y Y Y Y Y
LIN Y Y Y Y Y Y Y

2.16 Serial peripheral interface (SPI)

The device integrates 3 SPI interfaces, reusable as an 1°S interface, SPI shares resources with 12S.

SPI allow the chip to communicate with peripheral devices in a half/full duplex, synchronous, serial manner. This
interface can be configured in master mode and provides a communication clock (SCK) for external slave devices.
Interfaces can also work in a multi-master configuration. It can be used for a variety of purposes, including two-line
simplex synchronous transmission using a two-way data line, and reliable communication using CRC checks.

The main functions of SPI interfaces are as follows:
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3-wire full-duplex synchronous transmission

Two-wire simplex synchronous transmission with or without a third bidirectional data line
8 or 16 bit transmission frame format selection

Master or slave operations

Support multi-master mode

8 master mode baud rate predivision frequency coefficient (maximum fecLk/2)

Slave mode frequency (maximum fpck/2)

Fast communication between master mode and slave mode

NSS can be managed by software or hardware in both master and slave modes: dynamic change of master/slave
modes

Programmable clock polarity and phase

Programmable data order, MSB before or LSB before

Dedicated send and receive flags that trigger interrupts

SPI bus busy flag;

Hardware CRC for reliable communication;

€ Insend mode, the CRC value can be sent as the last byte;

€ In full-duplex mode, CRC is automatically performed on the last byte received.

Master mode failures, overloads, and CRC error flags that trigger interrupts

Single-byte send and receive buffer with DMA capability: generates send and receive requests
Maximum speed: SPI1 interface 36Mbps, SPI12/SPI3 interface 18Mbps

2.17 Serial audio interface (12S)

1°S is a 3-pin synchronous serial interface communication protocol. The device integrates 2 standard 12S interfaces
(multiplexed with SPI) and can operate in master or slave mode. 1S can be configured for 16-bit, 24-bit or 32-bit
transmission, or as input or output channels, supporting audio sampling frequencies from 8KHz to 96KHz. It supports
four audio standards, including Philips 1°S, MSB and LSB alignment, and PCM.

It can work in master and slave mode in half duplex communication. When it acts as a master device, it provides
clock signals to external slave devices through an interface.

The main functions of 12S interface are as follows;

Simplex communication (send or receive only)

Master or slave operations

8-bit linear programmable prescaler for accurate audio sampling frequencies (8 KHZ to 96KHz)
The data format can be 16, 24, or 32 bits

Audio channel fixed packet frame is 16 bit (16 bit data frame) or 32 bit (16, 24 or 32 bit data frame)
Programmable clock polarity (steady state)

The overflows flag bit in slave sending mode and the overflows flag bit in master/slave receiving mode
16-bit data registers are used for sending and receiving, with one register at each end of the channel
Supported IS protocols:

€ 12S Philips standard

€ MSB alignment standard (left aligned)
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€ LSB alignment standard (right aligned)

€ PCM standard (16-bit channel frame with long or short frame synchronization or 16-bit data frame
extension to 32-bit channel frame)

The data direction is always MSB first
Both send and receive have DMA capability

The master clock can be output to external audio devices at a fixed rate of 256xFs(Fs is the audio sampling
frequency)

2.18 Quard serial peripheral interface (QSPI)
Integrated 1 channel QSPI single-host mode, can work in two modes of indirect and memory mapping.
The main features of the QSPI controller are as follows:

B Can be configured as Single SPI/Dual SPI/Quard SPI mode. In Single mode, it supports standard SPI operation
and can work in half-duplex and full-duplex modes

B The operation mode of SPI can be configured in indirect mode or memory mapping mode, the command code
in the instruction stage can be configured, and the alternate byte or mode byte in the alternate byte stage or mode
stage can be configured

Support 8-bit, 16-bit, 32-bit data access mode

Data transceiver FIFO

Support DMA operation

Support FIFO interrupt, operation completion interrupt, timeout interrupt, data access error interrupt

Maximum speed supports 4>36Mbps

In indirect mode or memory mapping mode, the operation is divided into instruction stage, address stage,
alternate byte stage, Dummy stage, and data stage. These stages can be configured to be skipped

2.19 Secure digital input output interface (SDIO)

Secure Digital Input and Output (Secure Digital Input and Output), referred to as SDIO interface, SDIO host interface
provides an operation interface between AHB peripheral bus and Multimedia Card (MMC), SD memory card, SDIO
card devices.

SDIO host functions are as follows:

B Support "MultiMediaCard System Specification Version 4.2", support 1-bit (default), 4-bit and 8-bit data bus,
forward compatible with earlier MMC protocol

Support "SD Memory Card Specifications Version 2.0"
Support "SD 1/O Card Specification Version 2.0", support 1-bit (default) and 4-bit data format
SDIO clock rate up to 48MHz

B SDIO does not support SPI communication

2.20 Controller Area Network (CAN)

The device integrates 2 channel CAN bus interface compatible with 2.0A and 2.0B (active) specifications, with bit
rates up to 1Mbps. It can receive and send standard frames with 11-bit identifiers, as well as extended frames with
29-bit identifiers.

Main features:
B Support CAN protocol 2.0A and 2.0B active mode
B Baud rate up to 1Mbps

B Supports time-triggered communication
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®  Send
€ 3 sending mailboxes
€ The priority of sent packets can be configured by software
€ Records the timestamp of the time when the SOF was sent
B Receive
€ Level 3 depth of 2 receiving FIFO
Variable filter group:
There are 14 filter groups

Identifier list

L R R R 4

The FIFO overflow processing mode is configurable
€ Record the time stamp of the receipt of the SOF
B Time-triggered communication mode
€ Disable automatic retransmission mode
€ 16-bit free run timer
€ Timestamp can be sent in the last 2 bytes of data
B Management
€ Interrupt masking

€ The mailbox occupies a separate address space to improve software efficiency

2.21 Universal serial bus (USB)

N32G452 series products embed a full-speed USB-compatible device controller and follow the full-speed USB
device (12Mbit/s) standard. The endpoints can be configured by software and have suspend/resume functions. The
USB-specific 48MHz clock is directly generated by the internal main PLL (to ensure communication stability, the
clock source must be an HSE external high-speed crystal).

The main features of the USB device controller are as follows:
B Comply with the technical specifications of USB2.0 full-speed devices
B Configurable from 1 to 8 USB endpoints

B CRC (Cyclic Redundancy Check) generation/checking, non-return-to-zero (NRZI) reverse encoding/decoding
and bit stuffing

Double buffer mechanism supporting bulk/sync endpoints

Support USB suspend/resume operation

Frame lock clock pulse generation

B USB DP signal line supports internal 1.5K pull-up resistor (firmware control), with an accuracy of #5%

2.22 General purpose input and output interface (GPI10O)

Up to 97 GPIO, which are divided into 7 groups (GPIOA/GPIOB/GPIOC/GPIOD/GPIOE/GPIOF/GPIOG), each
group has 16 ports(F group has 10 ports, G group has 7 ports). Each GPIO pin can be configured by software as an
output (push pull or open drain), input (with or without pull-up/pull-down), or multiplexing peripheral function port.
Most GPIO pins are shared with digital or analog multiplexing peripherals, and some 1/0 pins are multiplexed with
clock pins. All GPIO pins except ports with analog input capability have high current passing capability.

The main features of GPIO are described as follows:

B Each bit of the GPIO port can be configured separately by the software into multiple modes:
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Input floating

Input pull up (weak pull up)

Input pull down (weak pull down)
Analog input

Open drain output

Push-pull output

Push-pull multiplexing function

Open drain multiplexing function

B General /0O (GPIO)

*

*

During and just after reset, the alternate functions are not enabled, except for BOOTO and
BOOT1(BOOTO0 and BOOT1 are input pull-down) and NRST pin, the I/O port is configured to analog
input mode.

During and just after reset, the alternate function is not turned on, the 1/0 port is configured as analog
input mode, and after reset, the JTAG pin is placed in input pull-up or pull-down mode:

v' JTDI in pull-up mode;

v' JTCK in drop down mode;

v' JTMS in pull-up mode;

v' NJTRST is placed in pull-up mode

When configured as output, values written to the output data registers are output to the appropriate 1/0

pins. Can be output in push pull mode or open drain mode

Separate bit setting or bit clearing functions

External interrupt/wake up: All ports have external interrupt capability. In order to use external interrupts,

ports must be configured in input mode

Alternate function: port bit configuration register must be programmed before using default alternate function

GPI0O lock mechanism, which freezes 1/0 configurations. When a LOCK is performed on a port bit, the

configuration of the port bit cannot be changed until the next reset

2.23 Analog/digital converter (ADC)

Up to 2 successive comparison ADC with 12-bit 5Msps sampling rate, support single-ended input and differential
input, can measure 18 external and 3 internal signal sources. ADC1 support 9 external channels, ADC2 supports 12
external channels, some pins share two ADC channels.

The main features of ADC are described as follows:
B Support 12/10/8/6-bit resolution configurable

*
*
*
*

The highest sampling rate at 12bit resolution is 5.14MSPS
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